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APPENDIX B TTEM 1 - AYERID DRIVER €C
; ' MO477-0261-0002
T . Mo477-0262-0002-
MCAT7-0263-0002
HC477-0264-0002
MC4TT-0265-0002
1
DISPOSITION & RATIONALE : =
(A) DESICH, {B} TEST, (C) INSPECTION, (D} FATLURE HISTORY:

. {A) DESIGH

HERMEPICALIY=SEALED, GOLD=PLATED XOVAR CASE, INTEGSATED CIRCJIIT
DESIGH. - : R

FUHCI'I GH.'AL DES CRIPTION

HYBHB DRIVER CDNTRDLLERS ARY USED T0 CONTROL A IARG.:. NUMEER COF
_FUNCTIONS IN VARTOUS CRBITER SUBSYSTEMS. HYBRID. DRIVERS PROVIDE

" SQLID~STATE SWITCHING OF 28 Vdc POWER OR GROUND TO ?E_HI_OUS Toal

FUNCTIONS AT FIVE DIFFERENT L1QiAD ERATINGS COR CCHFIGURATIOHNS.
CONTROL OF THE "ON™ COR "OFF" STATE GOF THE HYERID -ORIVER 15
FROVIDED THROUGH TWC LOGIC INTCIS TO AN "AND"™ GATE LOGIC WITH 2

THIRD INFUT AVAILAELE FQR AN, "INHIBIT". FONCTION. “THE TIFE I .

HAYERID DRIVER ALSC BRUVIDES FOR ONE:-INFT -T0 THE. "AND" GATE-TC BE
EITHER 5 Wdc- OR 28 Vde AS R.EQUIBED. UNIQUE EHHRH.ETERIETJ.CS oF-

-EACH ©F THE FIVE- HYDRID DRIVER TYFES ARE s .E'GLJ'.EHS.

MC477-0261~0002 T?PE I IEQ.EA-DG-CURREHT RATEHG. QNE LOGIC -
) ' - ' IHPUT HhE EE EITHER S Vdc_OR 28 Vic.

HT477-0262-0002 TYPE II =0 mA DC CU'RREHT R&TIHG. TIME DELAY
EETWEEN LOGIC INFUT AND POWER QUTPUT
SELECTAELE TO 0.840,/—2 CR.4 SLECONDS:

4

MC477-0263-0002- TYPE IIT .5 AMPERE [C. CURRENT RATING.-

KC477-0264-0002 TYPE IV 5 AMPERE DC CURRENT RATING, CROUND
SIDE SWITCHIHG. )
_HEdT?—ﬂiﬁE-GUI_J; ~T¥DE © 50 mA DC CURRENT RATING. CONTACL VIa
] - : ~ LEVEL DETECTION N INPUT SIGNAL FROM
TEMPERATURE SENSOR, BRIDGE OR OTHER
S ' ' §BURCE. -

NEXT ASZEMBLY INSTALTATION

THEE HYBRID DRIVZR CONTROLLER IS MOUKRTED TO A PLUG-TY¥ TYPFE MOLCULET
WITHIN THE HYBRID LOAD CONTROLLERS.
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APPENDIX B ITEM 1  CONT'D

THE INETALLATIC‘H I'-TI'I'I-'I‘{ POWER AND HCITDR CDH"'""RCIL E.SS'EHELIES {PCA,
MCA) DIFFERS IN THAT ZACH DRIVER I5 MOUNTED ON A HEAT SINX WITH A

FRINTED CIRCUIT BDA.E.D THE CIRCUIT BOARD TPROVIDES AN t.I.-nCT‘RIC‘hL
INTERFACE FRCH THE MODULE TO THE PRINTED CIRCUIT. * THE EOARD

PROVIDES A TURRET TERMINAL AS A SOLDERABLE INTERFACE BETWEEN THE .

HEXT ASSEMBLY INSTALLATION AND THZ PRIBTED CIRCUIT BOARD. THIS
ASSEMELY IS5 IDENTIFIEZD AS A VO70-~760080~-00X COR VOT70-T600Q85=00X

AND. I5. REFERREDR TQ AS A EYBRID DRIVER ASSTMBLY. THIS ASSTMBLY 15 . |

INSTALLED IN THE CCONTROL ASSEMBLITS.
DESTGN EVOLUTION

DURING TESTING OF THE OV=09%9 NEXT ASSEMBLY BUOILD, A EBASIC
WORKMANSHIP, BOARD MATERIAL, AND PROCESS CCNTROL PROBLEM -WAS
EVIDENCED - ON THE WV070-760080-00X MOUNTIMG ASSEMELY. THESE ARE
OSED IN COCNTROL ASSEMELIES TFRERICATED IN [DCOWNEX. THIS -PROBLEX
WAS RESOLVED BY A CONFIGURATION CHAMGE TO THE VI70=-760085~-00%
MOUNTING ASSEMBLY WHICH Was USED ON OV-099 AND . SUBSEQGENT LFU
BUTIILD (SRR AST745). ALL V070=780030 USAGE WITHIN OV-102 B3UILT
LREU'S HAVE BEEN APPROVED BY WAIVER. THE FATLURE MECHANTSM WAS
SE'QEEHABLE BY 'HEXT ASEEI"IELE ACCEPTAHC" ?IBR@L‘I‘IUH. - -

(B] TEST o - . : : LT _'1".'t_:-_ o - __ N

- - -

JCERTIFICATIOR /QUALTFICATION - - . -

__HYSRTD ORIVER IS QUALTFIED PER MIl~STD-883 AND MEETS THS

REQUIREMENTS OF THE ORBITER PROJECT PARTS LIST (OPFL).
CERTIFICATION TESTS THCLUDE:

APP-B - 3

- CAUSE CONTROL ﬂ
TEST -- - S - L f— e ~| -
- ; a|.ble|aiejg]
ACCEPTANCE ) X1 x| X X | %
MGISTURE RESISTANCE =~ - ' =~ x - ;
HERMETICITY . {GROSS AND FINZ - ' i
TO 5X10~/ S0C/SEC) X X i
CIRCUIT FUNCTIONAL (PARAMETER N !
CHARAGCTERISTICS) 1 x|l ¥ - 1% !
MECHANICAL SHOCK (1500G) X !
VIERATION (48 MINS PER AXIS, PEAK
ACCELERATION OF 20G'S) X X X
CPERATIONAL LIFZ (OW/OFF CYCLING,
{__ 1000 HOURS) X L X
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APPENDIX B ITEM 1  CONT'D
CERTIFICATION AT THE NEXT ASSEMBLY: | “
CERTIFICATION AT NEXT ASSEMALY IEVEL WITHIN THE HYBRID 1OAD

-CONTROLLER, POWER CONTHOL AND NOTUR  CONTROL ASSEMBLIPS TEST

IMOTILE; o
— %_— — —— ——
. CATSE CONTROL I
TEST -
] -a -] (= =] e £
I——— —— '=:====q==b=
QUALIFICATION ACCEPTANCE VIBRATION - )
. (QAVT 0.067 gZ/HZ, 5 MIN/AXIS) X X ) | x
FLIGHT VIBRATION (0.l g</HZ, 48 MIN / _

A¥IS) X X X
DESIGN SHOCX {20G,. 18 DROPS) . x|
CPERATIONAL PERFQRMANCE = . XX X I

" SALT FOG e : - _ x
HUMIDITY L X
TEERMAL VACUUM CYCLING (20 TG 120 ©p, | '
E- 120 ERS) | : ' ) i

[ ]
n
F

B
']
(n]

PRECAP VISOAL

INSULATION RESISTANCE
STARILIZATION BAKE (125 9C) .
TRERMAL CYCLE (10 CYCLES,.

- =55 70 128 %y .-
ACCELERATION {5000G)
HEFMETICITY (QROSS AND FINE .

. ‘TO-8X10~7 3¢0¢/sEC) -

- PIND

BURH IN (168 AQURS AT 125 <g)
FUNCTICNAL (PARAMETER CHARACTERISTICS)

T

B

E LT -
-

-

- el
B
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A.PPEHDI}E B I"‘"EH 1 CONT*'D
LCCEPTAHCE TEST AT TEE NEXYT ASSEMBLY:

WEEN INSTALIFD AT THE NEXT ASSEMELY LEVEL, EACH UNIT IS SURTECTED
TO ACCEFTANCE TEST WHICH LACIIDE:

—ee————
CAOSE CONTROL

TEST .
) . a b cld (=¥

= ——— —————————

VIBRATION (0.04 g<4/HZ) A

OPERATIONAL PERFGRMANCE AS A MINIMUM

rb

=

L

x .

-{©) IHSPEETIGH R _ L

HEEZI"JI]IG IIEP'ECEIOH {FMLURE (‘.!.UEE a kb, e)

VERIFIES ‘ALL INCOMING PARTS AND MATERTALS, INCLUDING DPERFORMANCE
OF VISUAL AND DIMENSIONAL EXAMINATIONS, 1IN ACCORDANCE WITH
REQUIFEMENTS.. CERTIFICATION. RECORDS/TEST REPORTS ARE MAINTAINED
CERTIFYING MATERIALS AND PHYSICAL PROPZRTIES.

CDHT.E!EDE‘I‘I'DH CDHTEDL (Pm CAOSE b) ' -

QUALITY CONTIROL ({QC) VERIFIES PROPER MATNTENANCE AND PROCEDURES
TSED FOR CLASS 100,000 CLEAN ROOM OFERATION (CLEAN RQOM
CERTIFICATION BEGAN IN FEBRUARY 1987. DPRTOR TO THAT DATE A
CONTROLLED WORE AREA WES MAINTALNED) .

ASSEMBLY/TNSTALLATION (FATLORE CAUSE a,b,e)

- INSPECTION POTITS ARE DETERMINED BY QUALITY ENGINEERING IN
ACCORDANCE WITH APPLICABLE REQUIREMENTS AND ARE DOCUMENTED ON
INSPECTION PLANNING. WORK STATION DISCIPLINES ADHERED 10 AND

- ORSERVED- MORE . THAN FIVE - TIMES PER W=EEX BY QC. FRECAP AND

EXTEFNAL VISUAL INSPECTIONS. OF MICROCIRCUITS FERFORMED UNDER . 7X
TO 10X MAGNIFICATION. CAPABILITY EXISTS FOR MAGNIFICATICN UF IO

NONDESTRUCTIVE EVALUATICK (NDE} (FAJILURE CAUSE b, e)

PADIOGRAFHIC INSPECTION OF DRIVERS TCR EVIDENCE OF ASSEMILY
ANCMALIES IS VERIFIED. THIS BEGAN WITH LOT DATE CCDE 2305,

APP-B -5
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A.PPE!TDIK B ITEH 1 CoNT'D -
CRITICAL PR{JCESSES {?L.IIII'RJE C'AUE'E a,e}
ALL CRITICAL FPROCESSES INCLUDING COMPONENT ATTACHMENT, 'ri'I.-:E

BONDING, WELDING, AND SOLDERING, ARE MONITORED AND VERIFIEZD BY QO
AS PROCESS CONTROL SURVEILLANCE ACTIVITY (OFERATIOND AUDIT).

TESTING (FAILURE CAUSE a,b, a, 1)

ALL STEPS OF ACCEFTANCE TESTS ARE OBSERVED AND v*a:?:zn 3y go. -
EAHDLIﬁ&}PncxaGIHG'tia:xnnz CAUSE c,d}

HANLDLING OF OMQS/MN05 DEVICES DURING FABRICATION TQ PRECIIIDE
ELZCTROSTATIC -DISCHARGE (ESD)} DAMAGE VERIFIED 8Y QC. PARTS ARE
PACRAGED, PROTZCTIED, AND VERIFIED BY INSPECTICN 10 APPLICAEBLE
REQUIREMENTS AT THE. SUPFLIER. - : =

(D) FATLURE HISTORY : S
V076-760080 HYBRID DRIVER ASSEMBLY PATLURES

~ FAILDORE nnqz: OPEN/NO CUTFUT, PLIIED-IE;TURH ~OFF™ WITH IHEIBIT
- SI@BAL

' CAR'S A4375, AB1579, AB3I11B; AB3252, AB3432 AND AB3474 -
. 8IX FAILURES WERE EXPERTENCED DURING VARIOUS .TEST -AT THE NEXT
ASSEMBLY LEVEL. THESE TESTS INCLUDED FUNCTIONAL, ACCEETANCE
VIBRATION AND QUALIFICATION VIBRATION AND THERMAL, . THESE
FAILURES WERE OBSERVED AS INTERMITTENT CONDITIONS AND WERE

ISOLATED 79 LOCSE TURRETS ON THE PRINTED CIRCUIT™ BOARD OF  THE-

_HYBERID DRIVER ASSEMBLY. THESE CONDITIONS WERELATTRIEUTES TO
INADEQUATE TURRET CRIMPING AND INSUFTICIENT SCILDER CDHNEC""‘IGN
Emmmwvmmmsﬂm : 2T -

A5 A RESULT QF THESE FAILORES THE TERMIMNAL BOARD WAS DESIGHED TO
ELTMINATE THESE DEFICIENCIES AND ASSURE GUOD ELECTRICAL
CONNECTICHE. THE REDESIGN RESULTED IN "CREATING "A NEW DART
HUMBER FDR-'I_"HE HYIRTD DRIVER ASSEMBLY, VO070-760085. _
THESE HYERID DRIVER ASSEMELIES I]'TSTALLED AND DELI‘U'ER.:.D PRICR TO
THIS CHANGE WERE CONSIDERED SATISFACTORY FCOR THEIR - INTENDED
USAGE. THIS WAS BASED UPON. THE FACT THAT THE MNEXT AGSTMBLY
ACCEFTANCE VIBRATION SERVES AS A SCREEN. )

APP-B -6
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. _ .~ ° APPENDIX 3 ITEM 1  CONT'D- -
NEXT ASSEMBLY LEVEL FAILTURES )
FAILURE MODE: LOSS OF OUTFUT

CAR AC760% (PRIME), AC7549, ACT'HE AND ACRITSE
DURING ACCEPTANCE TUNCTIONAL AND YIBRATION TEST AT THT® NEXT
ASSEMILY LEVEL, .'.HTEHHI""I‘EHT QR 1OSS QF QUTPUT FAILURES WERE

— EXPERIENGCED. -  THESE~ WERE- - ISCLATER TO HYBRID OCRIVERS WITH
DEFRESSED BOND WIRES CAUSED BY WORFMANSAEIP ERRCR WHERE REVERSE
- - CENTRITUGING WAS .LITMTTED T0 THE NEW OPFERATORS AND SFECIFIC 1OT
" DATE CODES. ALL SUSPECT DATE CUDES HAVE BEEN REVERIFIID BY ¥-

RAY. ALl FEXT ASSEMBLIES HAVE BEEN RECYCLED, DRIVERS X-RAYED AND

REPLACED AS NECZSSARY (REF MCR 8168). RADIOGRADHIC INSPECTICN
WAS ADDED FOR ALL NEWLY BUILT HYBRID DRIVERS.

CARS'E AC3113 LHD ADOTTE b i o
OURING NEXT ASSEMBLY ENVIRONMENTAT, ACC"PTAHCE JTEST, TWQ TOS8 OF
OUTFUT FATLURES WERE EPYPERTENCEDR. THESE WERE ISQLATED TO LOGSE
BOND WIRES WITHIN HYERID DRIVER MODULZES, BOTH CONDITIONS WERE
ATTRIBUTED . TO HANDLING, ONE DURING THE CLEANING AND LIDDING
PHASE, THE OTEER OUNE DURING A REWDRK PHASE OF THE HYBRID. THESE
FAILURES "WERE CONSIDERED ISDIA'IED ES'ZAPES THAT ARE 5C§EEHAEI.J:. AT
THE ACEEPTMTCE TEST—LE?EL — e -- -

E'I'.BRID‘ DRIVER FAILIRES -

'FATIURE MODE: LOSS O! CUTPUT

A TOTAL OF TWENTY SEVEN FhIdUREE HAVE BEEN EXPERIENCED WHERE TH=E
HYERID DRIVER NQ LONGER PROVIDED AN CUTPUT, TYESE WERE ISOLATED
TO ELECTRICAL OVERSTRESS <CREATED BY TEST S&T-0F CONDITICHS,
IMFROPER TEST EQUIPMENT QR _DOWN STREAM SHORTS. _TEN CF THESE WERE

-EXPERIENCED AT  THE NEXT ASSEMBLY ~LEVEL - TEST, ' NINE WERE-
EXPERIENCED AT THE ORBITER LEVEL, FIVE WERE EXPERIENCED IN SAIL
AND THREE AT WHITE SaNDs T25T FACILITY. -

THESE INDOCED FAILURES HAVE BEEN BROUGHT TO THE ATTENTICN OF
DPERSONNEL INVOLVED, - THEY ARE .ALSO DETECTED AT THE TIME OF
CUCURRENCE OR DURING NEXT FUNCTIONAL TEST. : -

CAR ACD648 AND AD1737 - ' ' i

TWO LOSS OF OUTPUT FAILURES WERE EXPERTENCEID WHICH WERE ISOLATED
TO MARGINAL OR INADEQUATE WIRE BONDING THAT DEGRADED WITH TIME.

ONE WAS EXPFERIENCED ON OV-0%9 AND THE SECOND DURING FUNCTICNAL
TEST OF THE NEXT ASSEMBLY AFTER HAVING BEEM IN THE FIELD. THESE
WERE CONSIDERED TO BE ISOLATED INSTANCES. ALL HYBRID DRIVER BONT
WIRES RECEIVE A 10C3 BULL TEST.

APP-B -7 - -
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. APPENDIX B-ITEM 1  CONT'D .

ODURING THE FOST FLIGHT CHECXOUT TEST SEQUENCE, A LOSS OF QUTPUT
FAILURE WAS ISOLATED T2 A HYBRID DRIVER, THIS CONDITIGHN WAS
ATTRIBOTED TO A CRACK IN THE SUBSTRATE CREATED BY OVERBONDING OF

AN EMITTER LEAD. THIS FATLURE WAS CONSIDERED AN ISOLATED ESCADE, °

CAR 11F021 _ o
DURING ORBITER OV~099 STS=-11- MISSION, A LOSS OF OGTDUT FAILURE
WAS EXPERIENCED WHICH WAS ISOLATED TG A HYBRID DRIVER WHERE AN
INTEGRATED CIRCUIT CHIP_WAS FOUND SHORTED TO THE GROUND PLANE =TV
NUMBER 1. - NO SPECIFIC CAUSE WAS DETERMINED. =

HARDWARE DELIVEAED IS CONSIDERED SATISTACTORY FOR ITS INTENDED

" USAGE.- _THIS IS BASED UPCON THE FACT THAT THERE HAVE " BEEN  No

SIMTIAR FAILURES OF THIS NATURE.
PAILURE MODE: BELAYED OUTPUT

CAR®S ADOL150 AND ADoS3z _ : |

TWQ FATLURES HAVE BEXN EXPERIINCED. A HYSRID DRTVER EXHIBITED A

- DELAY IN PROQVIDING AN JUTPUT AFTER THE COMMAND WAS GIVEN. CHE

WAS EXPERIENCED DURING CRBITER-OV-103.CHECKOUT TEST AND THE OTHER
WAS "EXPERIENCED DURING A THERMAL TEST AT THE NEXT ASSEMBLY LEVEL.
IN BOTH CASES, THE FAILURE WAS™ ISCLATED TO A QUAD COMPARATOR CHIP
AND ATTRIBUTED TC SURFACE CONTAMINATION. . THE CONTAMINATION WAS
NEVER IDENTI?IED. THE.ANALYSIS OF THE FIRST OCCURRENCE FATLURE

FOUND THE FATLURE MODE DISAPPEARTHG WHEN THE HEYBRID WAS WASHED -

WITH CE=-IONIZED WATER. DURING THE- ANALYSIS ACTIVITY OF THFE
SECOND TUNIT THEE FAILURE ALSC DISADPPEARED.

A REVIEW OF THE FABRICATION REQUIREMENTS AND PROCESSES [NDICATES..

THAT FAILURES OF TEIS NATURE SHOULD NOT QCCUR AS THE DEVICES ARE

FABRICATED I¥ A CONTROLLED ENVIRONMENTAL -ASEX

SUPPLIER'S FABRTCATION AREA HAS RECENTLY EEEN CERTIEIED TO A
CLASS 100,000 CLEAN ROOM OPERATION.

FATLURE MODE: CONTINUOOS OUTPUT.. -

CAR ABS154 - ) . T , : -
DURING SAIL SYSTEMS TEST A CONTINUOUS - OUTPUT - VOLTAGE WAS
OBSERVED. THE PAILURE WAS ISOLATED TO A TY®E IIT HYBRID DRIVER
WHICH WAS CAUSED BY EXCESSIVE CONDOCTIVE EFOXY TEAT ALLOWED
CURRENT LEAKAGE AT A TRANSISTOR CHID. THIS FAILURE WaAS
CONSICERED TC BE A WORKMANSHIP ESCAPE THAT SHOULD HAVE EBEEN
DETECTED DURING PRE-CAP VISUAL- THIS FATLURE IS CONSIDERED TO EBE
AN ISOLATEDR ESCAPE, - :

APPB -8
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' APPENDIX B ITEM 1-- CONT'D

CAR AC2653 ' :

DURING ORBITER OV-103 CHECROUT TEST A LOW LEVEL VOLTAGE (0.2 Vo)
WAS OBSERVED WHEN TUERE SHOULD HAVE BEEN HONE. THE -ATLURE WAS
ISOLATED TO A HAIR LINE CRACK IN A. DARLINGTON TRANSISTOR CHIP
WITH A~HYBRID DRIVER. AVAILABLE FABRICATION HISTORY REFLECTS
THAT THIS TRANSISTCOR HAD BEEN REPLACED WHICH MAY HAVE CONTRIEOTED
TG THIS SPECIFIC FAILURE. THIS FAILURE IS CONSIDERED TO BE AN

ISQLATED ESCAPE, - : _ : -

PREPARED BY: . APPROVED BY:  APPROVED BY {NASA):

DESIGN . R, HERTENSTEIN DES Yoo h5788m 2) ¢ 2 i3z

RELTARILITY M. HOVE REL Sl 0 #=-EFIRELN ¥ « TN/,
I .':-..I

QUALITY _ °J. COURSEM QR Ao LN ) > - WIT 0[5
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